Biochemistry 1 Lecture 39 December 5,2019
Lecture 39: Lac and T7 Expression Vectors

Lac Expression Vectors - Inducible

- . . Plasmids
Expression of Recombinant Proteins: Chromosomal [HIV protease expression
¢ Lac operator — DNA sequence that binds DNA vegtor] lac operator Cell wall
the lac repressor protein, utilized as an i oY 7 7 ®
on/off switch in the control of ®© © ) Cell membrane
recombinant proteins. lacl ® o)
e Lac repressor — protein that binds to the O ©
lac operator, released from DNA by IPTG © : .
e Lacl gene —chromosomal, produces the o = © 0% e Ribosomes

lac repressor protein

e lacUV5 promoter — Mutation of the lac promoter that increases RNAP activity, avoiding the need for
CAP+cAMP binding to get high levels of transcription.

1. The constitutive expression of high levels of almost any protein is toxic to the bacteria. The protein itself may
be toxic, or the simple competition for cellular resources can lead to poor growth of the bacterial host, and in
some cases, cell death. Therefore, it is necessary to regulate the production of high levels of recombinant
protein.

2. In the Lactose operon production of proteins involved in the metabolism of lactose are controlled by the
binding of the lac repressor (a protein that is the product of the /ac/ gene, produced from the bacterial
chromosome) to a region of the DNA near the promoter region of the genes that encode the proteins for
lactose metabolism. This segment of DNA is called the lac operator. High-level expression from the lac
operon only occurs when glucose is low, leading to high cAMP levels in the bacterial cytoplasm. cAMP binds

to the catabolite activator protein (CAP), the CAP-cAMP complex binds upstream from the lac promotor
enhancing transcription.
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3. The lac operator system can be used it to control expression of any other gene by simply placing the
appropriate DNA segments in the correct location in our expression vector. To avoid regulation by CAP, the

normal lac promotor is replaced by the lacUV5 promoter, this gives high levels of expression even if glucose
levels are high.

AATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGITGTGTGIGGAATTGTGAGCGGATAACAATTAGGAAACAGCTATG. .

CAP binding Lac promotor
Protein->
MRNA~—~——————— - ——— e >
AATGTAAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT TCCGGCTCGTATAAT G TCTGTGGAATTGTGAGCGGATAACAATTAGGAAACAGCTATG. .
-35 -10 <--lac operator--------- > Met...

LacUV5 promoter
Reflection: why is it preferable to use the lacUVS5 promotor instead of the normal lac promoter?
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4. The lac repressor binds to the DNA when lactose is absent and W;,DV‘U CHaOM
blocks transcription of the DNA. When lactose is present, it Ho Lo CH20H R
binds to the lac repressor, causing an allosteric change that ) R A —D mder"l"Z-"{
releases it from the DNA. Since lactose would be rapidly H o
degraded by the bacteria, a non-hydrolyzable analog, isopropyl- Lactose
thio-galactoside (IPTG), is used instead. Once the lac repressor CH2OM  ch,
leaves the DNA, RNA polymerase can bind, allowing production HQ o s_(
of mRNA that can be used by the ribosome to produce HIV »e (%’E)/ T eTG
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Alternative Expression Systems: T7-pET vector Series.

Use T7 phage promotor/polymerase. Only
significant difference is a different
promotor is used to drive production of
mMRNA and a specialized host strain is
required that expresses T7 polymerase.

T7 polymerase only recognizes T7
promoters, and is more active than E. coli
RNA polymerase, producing more mRNA
transcripts (and therefore more protein).
T7 polymerase under lac control on the
host E. coli chromosome. T7 polymerase
only produced when IPTG is added. 1° level
of control in expression.

Target gene is usually also under lac
control on the plasmid. 2™ level of control
of expression.

IPTG Induc:tim

T7 RNA
polymerase

IPTG Induction

E.coll RNA
polymerase
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T7 RNA polymerase
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¢ Production can be attenuated by T7 lysozyme gene which inactivates T7 RNA polymerase.
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T7 promoter primer #60348-3

TN
6T .CAATTCCCCTCTAGAAATAATTYTGTTTAACTTTA GA.
|

AGATCTCGATLCCBUGAAATTAATACGACTLACTATAG AATT }
BspM | elB leader MsclNeol BamH | EcoRi Sacl
cABCTCC

TATACA ATAATACCTGCTGCDGACCGCTGCTGCTGGTCTGCTGCTCCTCGCTGCCCAGCCGGCGATGGCCATGGATATCGGAATTI&ATTC::h':CGAATTC
Merd sTereuLeuProThrAloAlaAlaGIyLeuLeuLeuLeuA!aAlcGlnProA!nHetAlciHetAspI leGlylledsnSerAspProAsnSarSerSer

7 ignd peptidase
ST Bpult02 1

Eagl Aval*

Sall _ Hindi _Notl Xhol His+Tag Bput .
GTCGACAAGUTTGLGBCCGCACTCRAGCACCACCACCACCACCAC TEAGATCCGGE TECTAACAAAGLLCRAAAGGAASE TEAGT TEGE TRCTGCCACCEOT GAGCAAT AAL
VallsplysleudloAicAtoleull uHisHi sHi sHi sHi aH1 sEnd
T7 terminator T7 terminator primer #69337-3
TAGCATAACCCCTTGGGGCCTC TAAACGEGTCTTGAGGERTITTTTG
PAB  HW Peh sty
PET-22b(+) cloning/expression region 1 | D

1. Expression from the T7 promotor is under double lac control, the lac repressor blocks expression of T7

polymerase (on the chromosome) and expression of the gene on the plasmid.
2. Inserted codons using the Ncol site will add a signal peptide to the protein to cause expression from the cell.

3. A His-tag can also be added to the C-terminus of the protein, using the stop codon after the six His residues.
Cloning into pET22b using Ncol/Xhol would use both of these features. The PCR product that would be

inserted would have the following sequence.

YYCCATGGXX [codon 1] [codon 2]...CTCGAGZZ
YYGGTACC GAGCTCZZ
NcoT Xho I

The extra YY and ZZ bases allow Ncol and Xho | to efficiently cleave the DNA (many restriction enzymes

L ]
cannot cleave if their site is at the very end of a fragment).
e The three bases {GXX) after the underlined ATG represent the 2" codon, which is restricted to Val, Ala,

Asp, Gluy, Gly in order to have the Ncol site.
The final construct will be: -T7-lacO-rbs-Met—pelB---Ncol-coding region-Xho-HisHisHisHisHisHisTAA
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PelB - Export of Recombinant Proteins.

A specialized protein sequence, called the leader peptide, when present as the amino terminal residues of the
protein, signals the export of the protein out of the cell. This may reduce the toxicity of the protein and
make purification easier since only a small number of proteins are exported out of the cell.

During the export process, this peptide is cleaved by the leader peptidase (also known as signal peptidase),
producing the mature exported peptide.
The main features of this peptide are:
i) Basic residue at amino terminus
ii) Non-polar segment of ~15 amino acids.
iii) Cleavage site, which is followed by a second basic residue (-—-AlarArg---)

To use pET22b to express HIV protease we would modify our original PCR primers to add the Ncol and Xhol sites
(instead of the EcoR1 and BamH1), after ligating into pET the final sequence, from the ribosome binding site to
the stop codon is:

RBS HdeI NcoI Xhol
AAGGRGAT .-‘\’.'S-.CA’I‘ATGA;’\A‘{'ACCTGCTGCCGACCGCTGCTGCTGGTCTGCTGCTCCTCGCTGCCCAGCCGGCGATGGCE&TGGJ\T——HIV Protease---CTCGAGCACCACCACCACCACCACTGA
MetLysTereuLeuProThrAlaAlaAlaGlyLeuLeuLeuLeu.AlaAlaGlnPrcAlaMetAlaMetAspProGln ————— AsnPheleuGluHisHisHisHisHisHis

2) The peptide, as it comes off of the ribosome will look like:

————————————————— Leader Sequenc -
fMetLysTyrLeuLeuProThrAlaAl aAlaGlyLeuLeuLeuLeuAlaAlaGlnProAlaMe

bl | j;\_——HIV protease-~--| ... 8 His Tag....

‘.ava.g_e_ _sitj,e_ fo_r___l.e_a_c_ier ,_ept_chqs

3) After export out of the cell the final product will be as follows (The bold amino acids were added as part of
the Ncol and Xhol sites that were required to insert the PCR product into the expression vector.):
 — HIV protease-————-- | | — His Tag--——-- —|

MetAspProGlnIle~---LeuAsnPhelLeuGluHisHisHisHisHisHis

Protein Export Machinery:

1. mRNA binds to the ribosome.

2. When leader peptide emerges from the ribosome it binds to the signal recognition particle (SRP).
3. The ribosome/mRNA/SRP binds to transport machinery(translocon) in the cell membrane.

4. Protein synthesis continues, protein extruded outside the cell.

5. Leader peptidase cleaves off leader peptide.

6. Protein is completely exported out of the cell.

Inside 1 2
bacterial mRNA
cell 8
ribosomy = - ”
eader peptide
SRP 30s
- NH, NH, mRNA =
3
Membrane tra“% O 50s
\ B/ 4 5 i
= = = = Si—
a
i (™ ) eader NH,
NH Ala peptidase M:‘?l’ & P“’Q-g
. 2 cleavage
Outside NH, NH, HisHisHisHisHisHis

Note: The cleavage site for the peptidase is either Ala-Met, or
Ala-Arg, Ala-Met is found in the PelB leader.
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His Tag - Affinity Purification: One-step purification of HIV protease from culture media via affinity

chromatography. Culture media
(exported HIV
protease +

contaminants)

1. Culture media, containing HIV protease, is washed over metal ion affinity
column (usually has Ni** or Co?* attached to chromatography beads.

2. Hisg-tag binds to immobilized nickel ions on chromatograph beads. X

3. Impurities washed away. l;o!m‘t'

4. Elution with imidazole (competes with His sidechain for Ni*).

Lysate Wash _ Elute column
beads Nij* N o
=
@ O’
. Ni* Ni* NH
|] ’ N o
Column 2 3[4 5 6 Ni* (’Nl
Fractions
His-tag ~NH
Imidazole (HIV Protease)
0
A280 <’ :l </ ]/\l)L
\
Imidizole |m|dazo|e hlstldlne
w“’J

lj\z/

Elution Volume

Example 1 - Given the following gene, what PCR primers would you use to clone into pET22 such that
the protein will be cytoplasmic and not His tagged. For simplicity, the PCR primers will be 12 bases.
. / Lt& ?(\MGV‘

TCCTTCCCCTAAACCAAGAC

GGACCTCTCCTACAAGGACAGGAA ('\Sk/('
MetPhel.euSerPhePr e =
Pl‘.\ wmeY
_Bglli_ T7 promoter i lac operator Xbal

AGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCTCTAGAAATAATTTTGTTTAACTTTA.&‘;AAGGAGA

L. pelB leader Msc| Neol jamH 1) EcoR| Sac|
TATA Aé\ﬁgﬁ C;G’Atﬂﬁnffccrc L%E}G,CTGC'TGZ‘FCGC cug&eﬁ\m PCL.A.FG TATCGRAATT SCATCCGAATTCGAGCTCC
aG IQ

Met sy euB®oThpAl aATok eul &ULeGALEAT ob] A splted |y 1P "AspProAsnSerSerSEr
Eagl  Aval . signal peptldase ;

Sall Hind Il Notl Xhol His<Tag Bpu1102 |
GTCGACAAGCTTGCGGCCGCACTCGAGCACCACCACCACCACCACTGAGATC GGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGACCAATAAC
ValAsplysLeuAlaAlaAlaleuBiluHi sHisHI sHisHI sHisEnd e ———
T7 terminator PC Q T7 terminator primer #69337-3

TAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGRTTTTTTG ‘r&?\mceL \-’3, |, .
dunck j, iR o
Pre ’ | Veplaw M- Bam
Approach: L ‘? “

1. Identify correct cloning sites.

{ﬁ TAAL 7D
N4, T T

T
2. Incorporate sites into PCR primers. N e

3. Check to make sure reading franfe is correct

Left primer: EéA T-KA— 'Tf]i T T C < T P pmd»d-'

Steni~ Any site downstream from the
Right primer: S ERATC T TNHNG G Nde can be used to clone the PCR

__ d— product (BspM1 through
> Buw WE Qo @ Bpul102T) - I selected BamH.
A

The stop codon that is part of the PCR product will terminate
protein synthesis, so the His codons will never by read by the
ribosome, there is no need to delete them.
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Example 2 — Express human growth hormone in

B A . 5' Base Middle Base 3
bacteria using pET-22b(+) such that it is exported out of T C A IS

the cell and has a His tag for purification. The sequence T Phe | Ser Tyr Cys T

of human growth hormone is Phe | Ser Tyr Cys c

Leu Ser Term Term A

Met-Val-Phe-Arg Leu Ser | Term Trp G

C Leu Pro His Arg T

You sho.uld assume that you can have any DNA molecule Leu Pro His Arg c

synthesized. Leu | Pro | Gin Arg A

1. What sites will you use on pET-22b? These sites have to Leu _IF_’:’ Sln grg ¢

: A lle r Asn er T

be on the end of your synthetic DNA. e e A Ser =

2. Convert the amino acid sequence to DNA to give your lle Thr Lys Arg A

final DNA fragment that will be inserted into pET22 Met | Thr Lys Arg G

using restriction enzymes and ligase. G Val | Ala Asp Gly T

NcoI Xhol Val Ala Asp Gly C

Val Ala Glu Gly A

CCATGGTTTTTCGCCTCGAG Val Ala Glu Gly G

. .AlaMetValPheArgLeuGluHis..

Final exported product, after cleavage by signal peptidase is: MetValPheArgLeuGluHisHisHisHisHisHis

Bgtil T7 promoter  _ ~ lac operator Xba rbs
AGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGA
Nde | BspM | pelB leader MsciiNco | BamH¥ EcoRA Sagi
TATA TGAAATACCTGCTGCCGACCGLTGCTGCTGGTCTGCTGCTCCTCGCTGCCCAGCCGGCGATGGCCAT .,ATA'(CGGAATTA cG CCGA TCG CTCC
MetLysTereuLeuProThrAlchIoAIoGIyLeuLeuLeuLeuAlqAIuGInProAloMetA! MétAsgl leGlyl | gAsnSerAspProksnS erSer
* ignal tidase | b
- , fual i . signal pep This segment is repl ,,‘i,‘%ﬁg by the

TC ACAAGHA TGCEGE CTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCCGAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAAL
splLys eJAI LeuGIqusHisHIsHlsHlsHlsEnd
n

___________ A mmat . T7 terminator primer #69337-3
TAGCATAACCCCTTGGGGCCTCTAAACGGRTCTTGAGGGGTTTTTTG

Post-Purification Processing: Note that the c-terminal sequence is modified, LeuGluHisHisHisHisHisHis has been
added — this may affect function. The extra amino acids can be removed by incorporating a site for a protease.
In this case, the Arg at the end is a substrate for trypsin, so the extra amino acids could be removed by treating
the purified protein with trypsin, and the Histag peptide removed.

o —
‘MetVaIPheArg\_euGluHisHisHisHisHisHise MetValPheArg LeuGluHisHisHisHisHisHis
Vi HAs 6

Summary of Expression Features: Trypsin treatment releases the
intact hormone

Promoter Lac Ribosome Start Leader  Coding Region . Stol mRNA
DNA : L p A
Operator binding site  codon  Peptide His-Tag  _ ion Termination

mRNA Pa Ve We e e W Y0 Y a Ve We e Vv Ve Ve Ve VA YA YA Ve Ve Ve Ve Ve VO "d
Protein A "ANAANANANANANNAANANANANNAN
Protein AAANAANANNANAANAN
(exported)

mRNA

production
(DNAto X X X

mRNA)

Protein

roduction =
?mRNA o X X codons > X

protein)

Protein
export X

Protein
purification X






